For these decades, in situ hybridization, the method to localize specific mRNA and DNA sequences in cell or tissue preparations, has been actively explored and now widely accepted as an essential tool especially in the fields such as cell biology, molecular pathology and developmental biology.
As in the case of northern blot analysis of mRNA expression, however, it is apparent that the information on the expression of mRNA by in situ hybridization in itself represents only a steady-state level of gene expression [7] . Consequently, such information is usually not enough to tell whether an elevated level of certain mRNA is due to an increased rate of transcription of the gene or due to a decreased rate of degradation of the mRNA. Thus, for a more precise understanding of the regulation of gene expression, one would require an analysis of the expression of gene-specific transcription regulatory factors at an individual cell level. Those proteins, such as c-Myc [6] , c-Jun [2] , CREB [14] and various steroid hormone receptors [1] , bind to specific consensus sequences in a part of genomic DNA known as a responsive element, which is commonly located in the promoter region of a certain gene, and regulate transcriptional activity of the genes harboring the element. Those proteins can be firstly identified as a factor bound to a specific DNA element which is involved in the regulation of gene transcription, so the base sequence of the binding site may be determined at the same time by DNase I foot-printing.
Therefore, in many cases we can know the specific base sequences of a responsive element to be recognized and bound by the transcription regulatory factor, even though no further information on the protein is available.
III. Development of Southwestern
Histochemistry During our efforts to optimize the protocol for nonradioactive in situ hybridization using rat pituitary sections in 1985, we encountered a strange phenomenon.
In the experiment, we hybridized the pituitary sections with dinitrophenyl (DNP)-labeled proopiomelanocortin (POMC) cDNA and the expression of POMC mRNA was analyzed enzyme-immunohistochemically with anti-DNP antibody [8] . As shown in Fig. 2 , the specific staining of POMC mRNA was found in the intermediate pituitary cells as well as some cells of the anterior pituitary at a relatively high concentration of proteinase K. Surprisingly, a bacterial plasmid pBR 322 DNA, which was used as a negative control probe, gave rise to some staining in a very similar distribution pattern to that of POMC mRNA, but only at lower concentrations of proteinase K. Later, we realized that the distribution of the "specific" proteasesensitive staining with pBR 322 DNA was quite similar to that of glucocorticoid receptor (GR). Therefore, it was really exciting to find the report in which pBR 322 DNA contains glucocorticoid responsive element (GRE) consensus sequences at five sites and actually can bind to GR on southwestern blots [16] . Our previous finding now can be interpreted in a way that pBR 322 DNA may bind to GR in the tissue section. This interpretation is also consistent with the fact that GR consists of three autonomous domains; trans-activation domain, DNA-binding domain and hormone-binding domain, and regulates gene expression through its binding to specific DNA sequences, called "GRE"
, located in the vicinity of the regulated gene [1, 3] . Based upon the unexpected findings, we attempted to localize GR by utilizing the specific interaction between GR and GRE; frozen sections of rat liver were reacted with T-T dimerized pBR 322 DNA and the T-T dimers were detected enzyme-immunohistochemically by the successive use of rabbit anti-(T-T dimer) antibody and HRP-anti-(rabbit IgG).
Consequently, specific staining was confirmed in the nuclei, nuclear membranes as well as There are two categories in transcription regulatory proteins.
One is a group of proteins forming transcriptional machinery and is involved in the transcription of genes directly by binding to TATA box or other consensus sequences as general transcription regulatory factors. Another group consists of gene specific transcription regulatory factors, which bind to the specific responsive element consensus sequence in the gene regulatory region of the target genes and are activated to control the activity of transcriptional machinery. cytoplasm of hepatocytes [9, 10] . The success encouraged us to combine the method with the use of synthetic double-stranded oligo-DNA, as described schematically in Fig. 3 . In principle, the use of haptenized oligo-DNA is more specific and more convenient than segments of DNA [10] or radiolabeled oligo-DNA [5] . We originally named this newly developed method "Oligo-histochemistry" [9, 10] , but later renamed it "Southwestern histochemistry" Chart 1. Procedures for Southwestern histochemistry using fresh frozen sections. [11] owing to the apparent similarity in principle to that of southwestern analysis [15] . Our standard protocol was shown in Chart 1.
IV. Application
1) Localization of cyclic adenosine 3' ,5'-monophosphate (cAMP) responsive element (CRE) binding proteins by Southwestern histochemistry. As a model system to demonstrate the usefulness of haptenized oligo-DNA for the localization of specific transcription factors at the level of individual cells, CRE binding protein was localized in the frozen sections of rat brain and rat small intestine (Fig. 4) [9, 11] . We synthesized the CRE consensus base sequence (5'-TGACGTCA-3') together with three TTA repeats at the 5'-end and allowed it to be annealed, as given below: ** ** ** TTATTATTA-TGACGTCA ACTGCAGT-ATTATTATT ** ** ** (**)=possible sites of T-T dimers
Before use, the double-stranded CRE oligo-DNA was T-T dimerized by UV irradiation.
When the sections of those tissues, which were known to be responsive to cAMP, were reacted with the haptenized probe, the brain cell and intestinal epithelial nuclei were heavily stained and the staining intensities could be altered by physiological manipulation [11] .
2) Localization of estrogen receptor (ER) a by Southwestern histochemistry.
One more example, I would like to show here, is to demonstrate the cellular distribution of ERa in the frozen sections of mouse uterus. The uterine tissue is pertinent as a model case for analysis of ERa, since no expression of ER/3 was reported in uterus [13] . In Fig. 5 , ER was detected by both Southwestern histochemistry and immunohistochemistry, and the results were compared. For Southwestern histochemistry of ER, we synthesized double-stranded oligo-DNAs containing complete palindromic estrogen responsive element (vERE: 5'-GATCCAGGTCACAGTGACCTGGATC-3') of chicken vitellogenin gene and a mutated estrogen responsive element (mERE: 5'-GATCCAGATCACAGTGATCT-GGATC-3') with two-base mutation [4] , together with VII.
